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Out of the study of the nutritional requirements of microorgan-
isms has arisen the recognition of the unique role played by the
*vitamin B complex8 • In contrast to the other vitamins, members of
this group have been found essential not only to man and animals but
to many species of bacteria, yeasts, and fungi as well. With the ad-
vent of this relationship between the important water-soluble group
of vitamins and the nutritional requirement of microorganisms for them,
a new approach to the . ;roblem of identifying members of the group be-
came apparent. As a result, pantothenic acid, biotin, and folic acid
were discovered, and in addition preliminary experiments with micro-
organisms led to the recognition of nicotinic acid, inositol, and
p-sjainobcriEoic acid, as members of the B family of vitamins.
The present investigation has to do with the use of the bacterium
Leuconostoc mesenteroldes. made observations indicating that
yeast and liver extracts contained an active principle, not identical
with any of the known nutrilites, which was necessary for the rapid
growth of this organism. This study is an outgrowth of this initial
observation*
Preliminary experiments showed that when seventeen compounds
recognised as growth-stimulatory substances were added to a medium
' fj* E. Snell, private communication, January, 1941*
2 3 3
containing pantothenic acid", uracil', and guanine' in addition to
amino acids, glucose, and inorganic salts, the rate of growth of
Leuconosioc ms suit, roides wan found to be no greater than when they
were omitted from the medium. On the other hand, growth was found to
be definitely enhanced when small amounts of natural extracts were
added* From this it was concluded that the substance (or substances)
responsible for the rapid growth of the microorganism is either an un
known compound or one not yet known to cause growth stimulation of
bacteria*
The procedures for concentrating this active principle are described
in the main body of this report.
E. Snell, F. M. Strong, end W* H* Peterson, J. Beet., J3P, 293 (1939).







The assay method used for determining the amount of the factor
present xn materials tested is similar to those developed in the labora-
tories of Dr* K, J* Williams for assays of the B vitamins J4
Organism
le.nco no a toe aasenteroideß (Pd~6Q, American Type Culture Collection),
the organism used, was carried in stab cultures in yeast extract glucose
ag&r (ISC glucose, 1% yeast extract, 1.5# agar) stored in the refrigerator*
Inoculums for assays were prepared by transferring the organism from the
stab culture to £ tube of basal medium and allowing it to incubate fro®
14 to 18 hours at 37° C*
Basal Medium
This is a modification of the basal medium used in the microbiologi-
-5
cal assay method for nicotinic acid developed by Snell and Wright*'*
Acid hydrolysed casein,— Fifty grstms of vitamin-free (Labco) casein
was mixed with 500 ml* of approximately constant boiling hydrochloric
acid (lsl concentrated hydrochloric acid end water) and allowed to re-
flux for B—lo hours, ana. then concentrated in vacuo over trie steam bath
to a thick syrup* This was red issolved in water and concentrated again
in the same manner* The syrup was dissolved In water, adjusted to apH
of Texas Publication, Mo* 4137, 1941*
E. Snell and L* D» Wright, J• Biol* Chem* 139 675 (1941)*
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of 3*o winr sodium hydroxide solution, and shaken with 1 part of Da.rco
S-6G P«r do parts >1 solids for Id ninutei and filt d# f&s filts it«
was diluted with water to contala 100 mg. of dry matter per ml* and was
preserved -under toluene*
Mgn.ic.g sulfate* puaolno r.yrrochloris-, enl ?.vr»-;.ci-. solusgpn.~~ A
solution o.; 1 mg. per ml* of each of these constituents was prepared by
prolonged he-eting in the presence of a small amount of hydrochloric acid.
The solution was stored in the refrigerator#
Vils&in supplement* — A stock solution contained 0.6 y per ml. of
biotin and 200 y per ml* of each of the following! thiamin, pyridoxin,
nicotinic acid, and pantothenic acid. It was stored in the r friger&tor
unci er toluene*
Jnoriysmie salts,— Solution A eontotned 25 g* of c-otassium mono-
hydrogen phosphate and £5 g, of potassium dihydrogen phosphate in 250
ml* of water.
Solution 3 contained 10 g, of magnesium culfab* lieptahydrsie, o*s g.
of sodium chloride, and o*s g, of manganese sulfate ietrahydrate dis-
solved la 25C r.u of water# Ifa drops concentrate * ■. aria
acid were added and the solution was reserved under toluene. It was
found that if the amounts necessary for assays r;re taken out by a syphon
arras ©ment, thereby preventing the introduction of air into the solution,
oxida tier, of the salts and their subsequent precipitation was avoided |
the $ jltttioo be stored and used for as lull Length >f Las.#
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Unsup elemented, medium- An. unsupplemented medium of quadruple
strength sufficient for 400 assay tubes was prepared by mixing together
200 ml. of hydrolyzed casein, 30 g, of sodium acetate trihydrate, 40 g.
of glucose, o*4 g* of tryptophane, end 0.4 g. cystine (the cystine was
first dissolved in a small amount of dilute hydrochloric acid), arid then
diluting to about 300 ml. The solution was steamed in the a.utocl&ve for
10 minutes, filtered, end diluted to one liter. The medium was syphoned
out a© needed from under a layer of toluene to prevent its contact with
air, and under the © conditions could be kept indefinitely.
Basal medium.— Sufficient medium, for example, for 10 assay tubes
was prepared by mixing the following constituents:
Table I
The resulting solution was adjusted to apH of 6*B-7*o and diluted to
80 mi.
Procedure
Assays were > ©rformeb in & inch d&c teriolog acs.l test tunes sup*"
ported in & wire rack* Tubes which contained 0, o*l, : >.4, fc nd I*l
ml. of a solution of 1 mg. per ml. of "liver fraction B« were used to
establish a standard curve (Fig. 1). Samples to be assayed were diluted
lineup lemerited medium 25.0 ml.
Adenine, guanine, and uracil solution 1.0
»
?itamin sup ; ileffient oa »
Salts A and B (each) 0.5 tf
Fig. 1.
to contain approximately the equivalent of 1 mg. liver fraction B per
ml# Usually four assay tubes were used per sample, containing 0.1,
0.2, 0.4* and 1.0 ml. of the above solution. All the tubes were then
diluted to 2 ml., and 8 ml. of the basal medium w&s added* After auto-
claving for 10 minutes and allowing the tubes to cool, each tube was
seeded with one drop of a suspension of the test organism which had been
washed by centrifuging with sterile water and resuspended* After a 12-14
hour period of incubation in a constant temperature water bath at 37° C.
the turbidities produced by the growth of the organism were quantitative-
ly measured in a thermoelectric turbidimeter*
The turbidities of the series of standard tubes were plotted versus
the milligrams of liver fraction B present* The number of milligram-
units (a milligram-unit = activity present in i mg. liver fraction B)
in each of tjrie unknown tubes was then read off the curve. For each
7
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series of unknown tubes two or three concordant results at different
dosage levels were averaged to obtain a final value, in milligram- or
gram-units of activity r-sent in the unknown* The "potency" of a prepara-
tion is defined as the number of milligram units of activity present in
one milligram of the preparation.
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Sources of the Factor
Effect of other Nutrilites
The growth substances listed in Table. II were tested in various
quantities lor huoir ability to cause rapid, growth of the test organism
and were found to be inactive.
Table II
Various Activity of Various Tissues
Although no quantitative data wore obtained, the amount of the factor
in the different rat tissues listed below was found to decrease in the
following orderi liver, spleen, kidney, brain, muscle, end heart.
Amount of factor freed from rat liver by Autolysis and Enzymolysis
Thirty minutes after its removal from the animal, 1 g, of ret liver
was steamed to prevent autolysis. Its potency was found to he o*3 (dry
basis). When autolyai* under toluene at 37° C. was allowed to take
place for 43 hours the potency of another sample of the same liver w&e
0.3 (dry basis), a 2.7 fold increase in potency, itosyaolygis for 43 hours
under toluene of fresh rat liver with a quantity of taka-diastase equal
to one-half the weight of' the liver increased ih potency from 0,3 to
Adenylic acid Creatine ftiboflarln
As para gin Folic acid Thymine
Ascorbic acid Glycine Traumatic acid
p—Alanine Inositol 2-me thyl-i~amino-<a-naphtbQ1
(a synthetic vitamin K)
P-Ajbinobm %oic * eid Phytin
Choline Fiffiellc acid Xanthopterin
{an ti-trout—amsais. factor )
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2.4 (dry basis)• When taka-diastase was allowed to act on liver frac-
tion B under toluene at 37° C. its potency increased from 1.0 to 1.1.
Potency of Natural Materials
The following materials were i ssay•d to determine relative amount®
of the factor -r' sent: (The potency of liver fraction B was arbitrarily
chosen as 1 mg. unit per mg,)
Table III
Substance Potency
(in ag.-units per mg. dry wt.)
Liver fraction B 1
Taka-disst&se 0.7
Yea at extract (Difco) 0*4-0*9
Eice bran extract 0.3







Physical Properties of the Factor
Isoel ectric Point
In two determinations using four cups in a fractional electrical
6
transport apparatus the factor was found to have an isoelectric point
of about 3,0.
Solubility
Neither chloroform, ether, ethyl acetate, nor n-butyl alcohol was
found to dissolve the factor from a solution of liver fraction 3, Even
a. continuous extraction .-recess yielded no activity in the organic sol-
vent,
When to one part of a 10$? aqueous solution of an active concentrate
having a potency of about 50, 4 parts of the water miscible organic sol-
vents listed below were added, the amount of activity precipitated whs
found to be as followss
Table IV
°K. J. Williams, J. Biol. Che®., 110. 539 (1935).
Solvent added Percent activity
precipitated
Acetone 70
Ethyl alcohol (95%) 40
Dioxene 5
Bioxane + alcohol (111) 20
12
Soxhlet extraction of s. dried and powdered elu&te (pages 19 and 20
describe its preparation) potency 60 mg.-units per mg. using 1;1 dioxane
and alcohol solution dissolved 90$ of the activity. The potency of the
filtrate was found to be 96.
Adsorption Characteristics.
Adsorption experiments were performed by adding the adsorbent to
a clarified 4$ aqueous solution of liver fraction B or of a concentrate
of the factor. The conditions and results of the experiments are sum-
marized in Tables ? and VI.
Elution of Activity from Charcoal.
In each experiment 5 g.- aliquots of D&rco G-60 which had been mixed
with solutions of liver fraction B, filtered, and dried, was suspended
in 20 ml. of a 10$ aqueous solution of the eluting agent* The resulting
mixture was boiled under reflux for 10 minutes and filtered* The fil-
trates were assayed for activity after removing the aniline, pyridine,
and phenol by shaking with ether* Barium ions were removed by adding
sulfuric acid to the filtrates until no further precipitation took place*
Table VII gives a summary of the results.
Table VII
Eluting agent Aniline Phenol Pyridine
Barium
hydroxide Urea





















































































































































Chemical Properties of the Factor
Destruction with Chemical and Physical Agents.
Alice 1 ine hydrolvsis.— No loss of activity took place upon auto-
claving at 15 pounds pressure for 10 hours a solution of yea si. extract
in 1 S sodium hydroxide.
Acid hydrolysis.— Fifty percent of the activity wag destroyed when
yeast extract dissolved in 0,5 N sulfuric acid was autoclaved at 15
pounds pressure for 10 hours.
Citrous acid.-— When 400 mg. of yeast extract was dissolved in 15
ml. of 10$ sodium nitrite and 5 ml# of 1 N sulfuric acid solution and
allowed to stand for 24 hours at room temperature, a loss of activity
amounting to 17$ was found to have taken place.
Bromine.— least extract in an aqueous bromine-saturated solution
was observed to lose 53% of its activity after 2 hours.
Hydrogen peroxide.— Eighty-eight percent loss of activity occurred
when yeast extract was allowed to stand for 24 hours in a 1$ hydrogen
peroxide solution.
Dry heat.— By keeping at 100° C. stoppered flask containing yeast
extract for 24 hours, 40$ of the activity was found to be destroyed.
precipitation of the Factor with Metallic Ions
By adding 10$ aqueous solutions of silver nitrate, lead acetate,
mercuric chloride, cadmium acetate, and ferrie chloride to aliquots of
a 2% aqueous solution of a preparation (potency * 69) and ussaying
the supernatant liquids after centrifuging and precipitating the
metallic ions with hydrogen sulfide, the silver, load, and mercuric
salts of the factor were found insoluble.
Esterification of the Factor
Ethyl ester,— An absolute ethyl alcoholic suspension of a con-
centrate (potency * Bu) of the factor was allowed to reflux in the
presence of 0,3% sulfuric acid for 15 minutes* After neutralisation
70% of the activity was extractable with ether . This activity was
evidently in the form of m ester which was itself about 17% as active
as the free acid obtained by subsequent hydrolysis* The remaining 30%
of the activity was unextract&ble by ether and. was presumably umesteri-
fied under the conditions used. Hydrolysis of the ester was accomplished
by keeping it at IDO® C* for 10 minutes in the orssenee of 1 JS sodium
hydroxide,
n-tutyl ester,—■ In order to find the time required for esierifying
the factor with n-butyl alcohol, individual experiments were performed, by
adding o*l g# of 8- concentrate (potency 55 10)* 20 .ml, of ri-butyl alcohol
and 0,06 ml* (0,3%) of concentrated sulfuric acid to each of five flasks,
their contents ware then boiler under reflux for from 1 to 30 minutes, stop-
ping the reactions by cooling quickly and adding 0,5 g. of dry sodium bicar-
bonate and 100 ml, of chloroform. The resulting chloroform solutions
were washed 3 times with 50 ml, portions of water, Assays of both the
aqueous and choloroform solutions w r. obtained, the latter by evaporating
16
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off the organic solvents and hydrolyzing in 1 N sodium hydroxide at
100° C. for 10 minutes* The esierified principle was found to be 10$
as active as the parent acid and apparently insoluble in water* The
results obtained are given in Table VIII*
Table VIII
Distillation of the n-butyl ester*— By subjecting material
(potency 200) containing the n-butyl ester of the factor to 100° G,
and 0,5 mm. of mercury for 2 hours, 20% of the activity was found to
have distilled. Eighty percent of the activity sublimed when more of
the same material was subjected to 150° G. and. 10
"
mm. of mercury for
22 hours in a sublimation apparatus*
Reaction time (minutes) 1 3 10 20 30
Percent est-erification 50 55 60 m 85
Concentration of the Factor
Preliminary Concentration Studies
On the basis of experience gained in preliminary trials the follow-
ing concentration rocedure was carried out* Two hundred gr&ms of liver
fraction B dissolved in 7 1. of water was clarified by filtering through
kieselguhr* Fifty grains of Barco G-60 was added, stirred for 15 minutes
and filtered. The filtrate was discarded. The residue was boiled 10
minutes under reflux with 11. of 14% aqueous ammonia• After filtration,
the filtrate was again discarded, the residue being eluted in 1 1. of
10i aqueous aniline solution by stirring for 10 minutes at room tempera-
ture
.
Hie residue was discarded and, following removal of the aniline
by shaking with ether, the filtrate was made 7% in ammonia content. Ten
grams of Barca G-60 was added, stirred 10 minutes, and filtered. The
filtrate was discarded and the residue was eluted in 200 ml. of 10$
aniline as in the previous step. After removal of the aniline follow-
ing filtration, the filtrate was adjusted to pH 3*o and extracted with
three 100 ml. portions of n-butyl alcohol. The butyl alcohol which dis-
solved in the aqueous layer was removed by shaking it with ether, the
butyl alcohol layer being discarded. To the resulting solution 0,2 g.
of Barco G-60 was added. This was stirred for 10 minutes and filtered,
discarding the filtrate. The residue was suspended in 40 ml* of 10%
aniline and stirred for 10 minutes. After filtration and removal of
the aniline, the filtrate was found to have a potency of about 600.
The yield of activity in this concentrate compared to the starting material
was, however, only 3%*
18
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Concentration of the Factor from "Activated" Charcoal.
A large quantity of Darco G-60 which had been treated with liver
fraction B by the Wilson Laboratories of Chicago, Illinois, was kept
on hand and used as a source of the factor. The directions for its
7
preparation which had oeen sent to the Wilson Laboratories follow:
■*
Dissolve the amount of R. E. 256 equivalent to 100
lbs. of dry material in 230 gallons of water. (Hot water
can be used in making solution if necessary.)
Adjust the pH to 7 1 0,1 with NaOE.
Clarify thoroughly (lieselguhr or filter cell may be
used)•
Stir with 5 lbs. of Darco G-60 for 30 minutes st room
temperature. Filter off the charcoal, wash it with about
5 gallons of water (neutral), dry *t room temperature, mix,
weigh and ship to us labelled:
Activated' Charcoal R. E* 256 No. 1
Net Weight
Adjust the pH of the filtrate to 4*5-s*o, using sulfuric
acid. Stir the filtrate with 30 lbs. of Darco G-60 at room
temperature for 30 minutes. Filter of 4
' charcoal, wash with
water thoroughly (neutral), dry at room temperature, mix
thoroughly, weigh and ship to us labelled;
Activated Charcoal B. E. 256 No. 2
Net Weight
Filter cel in small amounts may be used if necessary
to aid in filtering off activated charcoals. Bacterial de-
composition must, of course, be avoided throughout the process.
from a letter to Wilson Laboratories, October 14, 1941*
The manufacturer*s designation for a particular supply oj. liver fraction i>*
*This first batch of charcoal was used in this laboratory for another
purpose.
Batches of the activated charcoal from the second adsorption
(No, 2 above) were worked up 1 kg. at a time to a concentrate having a
potency of 110. The procedure used for obtaining this concentrate fol-
lows: One kilogram of the active charcoal was suspended in 61. of 1/S
aqueous ammonia solution and boiled under reflux for 10 minutes. The
charcoal was filtered off and washed while hot, the filtrate being dis-
carded. The residue was boiled under reflux for 10 minutes In 3 1. of
10$ aqueous aniline solution and filtered* The filtrate was seven and.
the residue was re-eluted by boiling under reflux for 10 minutes in 3 1.
of 10$ aniline solution, to which 100 ml. of concentrated sulfuric acid
?
i
was added. After filtration end washing, the residue was discarded and
the alkalinity of the filtrate was adjusted to correspond to that of
the filtrate which was saved. The two filtrates wore then combined and
shaken with ether to remove the aniline. To the resulting solution
concentrated sulfuric acid was added to bring its pH to 3*o-3*l* The
small amount of precipitate which formed was filtered off and 30 g. of
Darco G-60 was added. After stirring the mixture for 10 minutes it wes
filtered, discarding the filtrate. The charcoal was eluted by boiling
under reflux for 10 minutes in 300 ml, of 10$ aniline solution* Filtra-
tion of the mixture was followed by a second elution of the residue, per-
formed exactly as the first. The residue was then discarded. Removal
of the aniline in the combined filtrates was accomplished by washing it
with ether. The aqueous solution was evaporated to s thick syrup on
the steam bath and to dryness in a vacuum dessicator. The resulting
mass was finely pulverized, and extracted with cOO ml* o.‘ usl absolute
20
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ethyl alochol and dioxane solution for 4 hours in a. soxhlet extractor.
The brown solid which resulted upon evaporating the solvents in the
filtrate was further concentrated as described below.
Figure 2 gives yields and potencies for each step in the procedure
just described.
Further concentration 'by precipitation with barium hydroxide.— To
2 ml* of an aqueous solution containing 0.5 g. of solids from the soxhlet
extraction a saturated solution of barium hydroxide was added until it
was neutral, to litmus. The precipitate which formed was centrifuged
down and washed twice with 2 ml. portions of water. After evaporating
the combined supernatant liquid end washings to 2 ml*, 15 ml. of 95$
ethyl alcohol was added. The resulting precipitate was separated from
the mother liquor by centrifugation uid was titurated three times with
2 ml. portions'of 959" ethyl alcohol*
Yields and potencies ere given in Figure 3*
Further concentration of material frog; the soxhlet extit- ctlon by
esterification, and distillation*—- Prom 3 hg* st-ocic charcoal
there resulted 15 g. of material from the soxhlet extractions which
was dissolved in 300 ml* or re-butyl alcohol. io this wee tddeu O.e a*x.
of concentrated sulfuric acid. The solution w.. s tnen boiled
uruier re—-
flux for 30 minutes, and then was evaporated on the ste la bath to about
IQ sil. Two hundred milliliters of chloroform was added and, the re»uj.t-
inr solution was sh&k-on 3 times with 100 m3-* portions o* watex • A* b&i
allowing the chloroform solution to stand overnight
in a vacuum dessi-
eator over calcium chloride it- was poured through a 1.5 cm. column of
aluminum oxide 15 cm. high* The chloroform was evaporated off ana
—6
the residue was subjected to distillation at 150° C. and 10 mm* of
mercury for 1 hr.











The behavior of the growth promoting agent during the. concentra-
tion procedure involving adsorptions, elutions, extractions, and other
manipulations, indicates that it is essentially a single principle
capable of being concentrated by a suitably planned procedure#
Although no evidence has been obtained as yet to indicate that the
factor is required by animals, its distribution roughly parallels that
3
of the B vitamins'. Furthermore, when liver was allowed to autolyse
for forty-eight hours the yield of the growth substance per unit weight
of the liver was greater than when only slight autolysis was permitted•
This may be considered as an indication that the substance (like other
B vitamins) occurs as a prosthetic group of a protein in living tissue*
In order to bring about a concentration of the active principle it
was necessary to choose some convenient source. The fraction of beef
liver insoluble in ethyl alcohol, designated as "liver fraction B" by
its manufacturers, the Wilson Laboratories of Chicago, was found to be
the most suitable source material among those investigated. It is a
relatively rich source, and it is readily available and inexpensive#
The first step in the concentration procedure, involving adsorption
on active charcoal, could well be accomplished in & factory equipped for
this type of work, and was carried out by the Wilson Laboratories. Al-
though several 'procedures wore developed for further concentration, the
A
'“’University of Texas Publication, op* cit.
one found most suitable involved another adsorption on charcoal followed
by extraction with organic solvents, esterification, filtration through alumina
and distillation.
During the course of developing the procedure, several inferences
were drawn as to the probable molecular structure of the active principle.
Fractional electrical transport migration, adsorption from an acidic
solution, salt formation, and esterification point to the presence of
a carboxyl group in the molecule• That the active substance undergoes
destruction upon acid hydrolysis and is unaffected by sodium hydroxide
solution may suggest the possible presence of an acetal linkage within
the molecule. The solubility of the factor in water and its insolu-
bility In organic solvents immiscible with water hint at the presence of
at least one other polar group. The fact that the butyl ester is in-
soluble in water while the ethyl ester shows definite solubility indi-
cates a relatively low molecular weight for the compound. The fact that





1. The presence of an active principle in yeast and liver extracts
that causes the rapid growth of Leuconostoc aesenteroidee has been
noted. It is not identical to any of the known nutrilites.
2, The distribution of the nutrilite as well as some of its chemical
and physical properties have been determined.
3. Procedures for concentrating the nutrilite from a liver extract
have been developed.
4# Clues as to the molecular structure of the nutrilite are noted,
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